1. Introduction New ceramics possess many attractive properties, such as high strength and hardness, low friction coefficient, low density and chemical stability, for bearing applications. For example, silicon nitride (Si3N4) ceramics have been suc cessfully applied to the rolling elements for Si3N4 hybrid bearings consisting of ceramic balls and steel supports, which show superior performance in comparison with con ventional all-steel bearings. 1), 2) Besides Si3N4 ceramics, Y2O3-partially stabilized zirconia (Y-PSZ) ceramics also have been considered as bearing materials.
3) The rolling wear properties of Y-PSZ ceramics have been studied,3)-9) but most of them were limited to comparing Y-PSZ ceramics with other advanced ceramics, such as Si3N4, SiC, SiAION and Al2O3. Nevertheless, Y-PSZ ceramic may be promising materials for all-ceramic bearings to be used in severe environments containing acid or alkali solutions as it is generally more corrosion-resistant than non-oxide Si3N4 ceramics.
As to Y-PSZ ceramics, the wear behavior is in close rela tion with the tetragonal-to-monoclinic phase transforma tion, 3), 4) which contributes high fracture toughness and strength to the PSZ ceramics. However, apart from that well-known stress-induced martensitic transformation, there exists another type of phase transformation that takes place during aging or in service within a specific temperature range. 10-18) The latter aging-induced type of phase transformation is accelerated in the presence of water and responsible for the low-temperature degradation problem of Y-PSZ ceramics. The main concern is whether such phase transformation affects the applicability of Y PSZ ceramics to bearing materials, especially for use in acid or base solutions. More work is therefore needed to explore the influence of the phase transformation on the rolling wear properties of Y-PSZ ceramics. In the present study, we proposed a simple testing method, Hertzian contact fatigue test (see Fig. 1 ), to simulate conventional rolling wear experiments. The wear and fracture behaviors were investigated with an emphasis on the tetragonal-to-monoclinic phase transformation in the cyclically contacted areas in hot water. Neither acid nor alkali solution was used because the cause for the phase transformation was water, no matter where, acid or alkali solutions, it is in. 11) Experiments were concentrated on Zr02-3 mol%Y2O3 (3Y-PSZ) ceramics, while 3Y-PSZ/20 mass% Al2O3 also was investigated for comparison because it is known that the addition of Al2O3 into Y-PSZ can effec tively suppress phase transformation during aging in water. 16), 19) 
where the radius of the contact area, a, is given as follows: (2) where R is the ball radius, and E and v are Young's modulus and Poisson's ratio for the specimen (subscript 1) and ball (subscript 2). Young's modulus and Poisson's ratio are 196GPa and 0.3 for the ball used in the present study. Hertzian cone cracks were easily formed in the 3Y specimen without post-HIP treatment, because its bending strength was lower than the maximum tensile stress at Hert zian contact. On the other hand, the maximum tensile stresses are quite lower than the bending strengths of the HIPed 3Y and HIPed 3Y2OA ceramics. Between them, the HIPed 3Y2OA had a lower bending strength than the HIPed 3Y, which may be responsible for the inferior contact fatigue property of the 3Y2OA composite. However, the Hertzian contact fatigue of composites may be more com plicated due to the influence of local fatigue resulting from the different properties of the dispersion and matrix, as com pared with the case of monolithic ceramics.
Phase transformation
To clarify the influence of Hertzian stress on the phase transformation in the presence of hot water, the following four points on the surface of the tested specimen were ex amined by the micro-focused XRD technique: (a) the center of contact area, (b) the worn ring, (c) just outside the ring, and (d) a place far from the contact area, as schematically illustrated in Fig. 5 . It should be mentioned that point (d) was stress-free and points (a) through (c) were subject to different stresses when the applied load was cyclically varied between the minimum (98N) and max imum (980N) load. The stress at point (b) changed bet ween compression and tension, whereas point (c) received only tension with a variation in magnitude. Figure 6 shows the XRD results for the HIPed 3Y specimen subject to the Hertzian contact fatigue test for 100h, and the amounts of monoclinic phases formed at the different points were shown in Fig. 7 . It is interesting that almost no monoclinic phases were detected at the center of the contact area (point a) in the two specimens. The center was prevented from the influence of water since it was not detached from the surface of the ball, and was impressed at least under a minimum compressive load (98 N). On the other hand, certain amounts of monoclinic phases were formed at the surface far from the contact area (point d). This result confirmed the influence of water on the low temperature phase transformation in Y-PSZ ceramics. In ad dition, the fact that the 3Y2OA specimen had smaller amount of monoclinic phases again indicated the suppres sion effect of Al2O3 addition on the low-temperature phase transformation in Y-PSZ ceramics. 16), 19 4. Conclusion (1) Post-HIP treatment can remarkably increase the Hertzian stress contact fatigue properties of Y-PSZ ceramics through the significant improvement in strength; therefore, post-HIP treatment seems indispensable for ceramic bearing elements, particularly, those made of Y PSZ ceramics.
(2) Although the experiments were conducted under some specified conditions, the present study revealed that the low-temperature aging phase transformation in Y-PSZ 
